Background: Recurrent blood transfusion is a common treatment in patients with thalassemia.
Introduction
Thalassemia is a common genetic disorder and a global problem (1) . Hormozgan Province, with a population of 1.5 million, is located in the south of Iran. Due to some reasons, especially consanguineous marriage, the frequency of thalassemia is high in this province (about 25%). It is estimated that 12% of the Hormozgan population have the thalassemia trait. About 1000 thalassemia patients have been registered in the Abu Rayhan Special Medical Center. Blood transfusion is the main method of treatment for these patients.
However, regular blood transfusion leads to organ damage due to iron overload and immunization to RBC antigens (2) . Iranian routine blood group typing of thalassemia patients identifies ABO and Rh(D) antigens only before blood transfusion for thalassemia patients. Other incompatibilities between minor RBC antigens of the blood donor and the recipient may cause alloimmunization (3) (4) (5) . In this research, we evaluated the frequencies of alloimmunization and autoimmunization and demographic and clinical risk factors for RBC immunization in thalassemia patients. 
Materials and Methods

Patients and data collection
Antibody screening and identification
Five milliliters blood samples were taken from all patients before blood transfusion. Serum samples were separated one hour after sampling and aliquoted in two tubes for antibody detection and identification. Antibody screening was performed using three screening cells (Iranian Blood Research and Fractionation Co) two hours after sampling based on the standard blood banking methods. Antibody identification was done for positive screening results using 11 cell panels with standard tube method (Iranian Blood Research and Fractionation Co, 15IP11C96). For detecting auto antibodies, auto control test was carried out using poly specific anti human globulin (IgG+C3d) (Iranian Blood Research and Fractionation Co).
Statistical analysis
Results were analyzed with SPSS (version 11.5). Descriptive analyses of the results were performed first, followed by comparative analyses. The mean of parametric variables with the Gaussian distribution was compared with the independent sample t test and those with non-Gaussian distribution, the Mann-WHITNEY test. The chi-square test was used for the analysis of categorical variables. P value less than 0.05 was considered as statistically significant.
Results
The mean age ± SD of the studied population was 18.5 ± 9.2 years, with the age range of 1 to 45 years and male-tofemale ratio of 0.9. The phenotypes of 516 studied patients were 392 (76.0%) thalassemia major, 101 (19.6%) thalassemia intermedia, and 21 (4.1%) sickle beta thalassemia. The demographic information of these groups is shown in Table I . A total of 89 (17.2%) patients were splenectomized. The mean (±SD) age of splenectomized patients was 28.4 ± 5.7 years and that of nonsplenectomized patients was 16.5 ± 8.4 years. There was a significant difference between these 2 groups in this regard (P < 0.001). A total of 40 patients received K antigen-negative RBCs and 24 patients Rh antigen-matched component but not from the beginning of transfusion. Clinically significant alloantibodies, including 21 alloantibodies against different RBC antigens as a single or multiple, were observed in 16 (3.1%) patients. Two patients (12.5%) developed 3 antibodies (Anti-c,E,P1; Anti-c,E,K), 1 patient (6.25%) developed 2 antibodies (Anti-D,C), and 13 patients developed 1 antibody. Among patients with 1 alloantibody, 4 patients had Anti-D (25%), 3 had Anti-K (18.75%), 2 had Anti-E (12.5%), 2 had Anti-c (12.5%), 1 had AntiJka (6.25%), and 1 had Anti-Jkb (6.25%). Two patients were from 1 family (brother and sister). In 85.6% of cases, alloantibodies were against Rh and Kell blood group systems. Five patients (1%) had cold nonclinical significant alloantibodies; 2 of them were brothers. Among patients with alloantibodies formation, 9 cases (2.3%) had thalassemia major, 4 (4.0%) had thalassemia intermedia, and 3 (14.3%) had sickle beta thalassemia. There was a clinically significant difference considering alloimmunization between thalassemia major and sickle beta thalassemia patients. Tables II and III show a comparison  between  alloimmunized  and nonalloimmunized with regard to demographic and clinical factors. We also detected autoantibodies in 21 (4.1%) patients. (20) (21). Thus, informing the patients about these antibodies and the presence of the accessible history of alloantibodies is imperative. In our study, the chi-square test showed a significant difference in terms of alloimmunization between thalassemia major, intermedia, and sickle beta thalassemia (P = .04). However, logistic regression analysis showed only a significant difference considering alloimmunization between thalassemia major and sickle beta thalassemia (odds ratio = 7.09, P =0.006). Significantly higher rate of transfusion in thalassemia major patients than sickle beta thalassemia patients can be a reason for this difference (Table I ). The genetic background must be considered as an important factor for immune response to foreign antigens. Among 16 patients (3.1%) who developed warm alloantibodies, 2 patients were brother and sister, and among 5 patients (1%) who developed cold alloantibodies, 2 were brothers. Findings on autoimmunized patients in a study by Guirat-Dhouib were in accordance with those in our study (9) . Growing up of patients increases the need for blood and consequently increases the rate of transfusion, leading to an increase in antigenic immune contacts, thereby stimulating the patient immune system. We also observed a significant correlation between age and frequency of alloimmunization. This result was consistent with some studies (22, 23) , and in contrast to some others (8, 12, 14) . It seems that gender is not a risk factor for minor red blood cell antigens alloimmunization. Amin et al., (8) reported a highly significant rate of alloimmunization in males (male-tofemale ratio = 1.6:1); whereas, Sadeghian et al., reported a highly significant rate of alloimmunization in females (male-tofemale ratio = 1:2) (15). On the other hand, Patel et al., and Koçyiğit et al demonstrated no relation between gender and alloimmunization (18, 24) . We did not observe a relation between gender and alloimmunization either. Splenectomized thalassemia patients have higher levels of interleukin-6, C-reactive protein, and higher counts of circulating B cells (25, 26) . Singer et al, Thompson et al, and Hussein et al (13, 23, 27) showed a correlation between splenectomy and alloimmunization; however, this difference was not seen in our study and some other investigations (12, 18). Donor white blood cells have immunomodulatory effect on the recipient immune system. The immune system shifts to Th2, and the stimulatory and costimulatory agents are expressed in the recipient (28, 29). In this study, patients receiving leukoreduced packed RBCs developed a significantly lower rate of alloimmunization. In addition, the mean age of patients who received leukoreduced packed RBCs throughout life (8.6 ± 3.4 years) was significantly low compared with non-leukoreduced recipients (24.2 ± 6.1 years; P < .001). Ameen et al., also expressed that the transfusion of nonleukoreduced packed RBCs is a reason for a higher rate of alloimmunization (11). On the other hand, Karimi et al and Tampson et al did not report any relation between them (10, 23) . Immune tolerance to minor RBC antigens can be induced in the first years of life because of humoral immune system immaturity. Patients who start receiving transfusion during the first 2 years of life develop fewer alloantibodies (14, 18, 24) . Although in our patients who transfused before two years old, the difference in alloimmunization rate was not significant than patients who initiate transfusion after two years. A total of 21 patients (4.1%) developed autoantibodies in our study. Autoimmunization to RBC antigens was described by Dameshek and Levine in 1943(30) . Researchers reported a wide range of autoimmunization in thalassemia patients from 1.7% in the study by Karimi et al to 45% in the study by Ameen et al (10, 11 
